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A STUDY OF ZYIGZIcC ACTIVII CF S0(E PLANT TOXALNMINS

"Some plant toxalburins, such as ricin from laeixus Coummnis (Euphorbiacese)
and abrin from Abfus precatorius (Leg.minosae) are extremely toxic. Ricin, the
highly toxic, hemagglut!Irng protein is of great interest in medicine. For
such a toxalbumin when Injected in smaill doses ray act as an antigen and

;rc~n in he bo a 't~tods analogue to that treducud a jtbafttefa ar
venom. The isolation of re.cin was first realized by stillntark Earlier
r"thods of preparation were carried cut before the development of modern
Sphyaiochemical and i -- ier-.mr ical methods for characterizing proteins and data

are therefore lking on the curity azt homogeneity of the products obtained.
In recent years, the differenv toxic fractions of ricin have be-n prepared IV
Kabat, Heidelbergor and Sezert2) by frpctional precipitation with sodium
sulfate (1947). Kunitz •nd ITcDonaldt 3 r)have obtained the most toxic fraction
by first precipitation with S3Atiur Sulfate and then adjuste4 the iso-electria
point of toxalbumin 3clxtlcn aLt pH 5.2-5.5 (1948). Moul&iaatated that the
highly toxic fraction of ricin waA prepared by precipitation with half saturaa- -
tion of ammonium sulfate (1951). The isolated fractions of ricin prepared I
p•revious authors were not k-urc avd homogenous substances.

In the present repor.; a surnsry is given of a portion of a Study on the
extraction and purificaticn of ricin. The nature, toxicity and antigenie
acLivity of ricin we also Studied.

UPEERDEWrAL

Extraction and Purificatira of Ricin

1,380 Gm. of castor bem were ground and macerated with 1,400 ml. of ether
at room temperature for 12 haurs. Pressed out the solvent. Repeated the
maceration as the previous tiMe. The castor bean powder was then air dried.
27e castor meal was extracted twice with 1.5 L. of alcohol at room temperature.
P.eroved the alcohol by pressing and dried the bean powder under reduced
r.-essure. The defatted =-tter, weighing 410 Gn., was then macerated twice

"with 2 L. of 10% sodium chioride solution at 3-4 0 C for P4 hours. By filtraction,
the filtrate was freed frc- 3od-um chloride by dialysis. The non-toxic

elobeuin precipitated was ccntrifuged off. The proteins of the supernatant
liguid were precipitated ty saturation with oanonium sulfate, and after 15 hours
at about 100C, centrifuged the mixture. The precipitate was dissolved in water
cvd freed of the insoluble ruttcr by centrifuging. Repeat the precipitation
and dissolution.

To the clear liquid r.nsured 90 ml., 45 ml. of saturated a.-monrum sulfate
S-luticn was added (1/3 sata--tion) and kept the mixture at J-4,oC for 24 hours#
--he forrting precipitate w:s centrU'uged off. To the liquid of a volume of
130 nl., 44 ml. w're of satur--ted airconium sulfate solution was then added
(half saturation) and ku-L the mixture at about 100C for 24 hours. The
precipitate separated fr-- c.ntrifuging, was dissolved in a small amount of
water (the suptrnatant !2a-i fro-a centrifuging was reserved for further
treAtment). Rcreated tbe rrt-ciitatton and dissolution and finally the solution
-dwas dialysed. Te cl,;2r scLtion was freezi-dried in a Stoke Iz freeze-dryer,
=cdel 2003 F2 (eoqnlrrwnt with freon as fr-3ezing agent, drying under h!igh
""rcua- at 300 u over 16 hcr•rs). The white porous powder, Ricip fraction I
(ELicin I), 904 Zag. was obtai-ad (yield: 0.066%). ..



L - -~ - - • • . .. • • -- • " -- -- . .. .. . . . . ...- ~. -

The a;ý-ve reserved supernatant ~qaui from half satiratIon of amoium
sulfatc was 'a~turated again with rrtcnlum sulfate. Kept the mlzctnr. at 100C
for 24 hours. Collect the precipitate after centrifuging. The preci1pitate
was dissolved in a tzaall amout of water and made the acb~tioni salt free by
dialysis. The liguid was freeze-dried in a Steke's freeze-dryer, givn2,1
G.. of a white, porous powder, ato. .fraction II (•. ...... 1, ••..l...... )

?lrlopertfic-, of Ricfn Frtactions

Determination of the sedinentatlcn const-ant of ricin fracti.ons was carried
out !V using 1% solution of riclr. fractinns In 0.2 X sodiun phosphate In at
ult racentrifuge. The data of deter-aination. were as foflows,-

Ysoleculair weight cacualated

Ricin 1 2  4.78 x a-375m=0

Ricinm IISu5.30x1r 1 3  
- 85,000

M"in II was foune d to have a nolecular weight, of about 85,000. The
sedimentation constant of Ricin I was slightlyr loiier, leading to a tolecnlar"wei-at of 75,000, a value not considured sQ-aificante y different from that of
Ricm" 11, since the precise tcrpurature control was not possible during t-i
measurement of sedimentation.

lici. I shoved a lower optical rotation (-20) thaa did the aimin II0

Table I Properties of Ricin Fractions

Ricin RIr•. ni II

(49~ de~grees -280 -
Molecular weight 75,000 1 _5,000______

T~he Rio in I and II wtre chtAer-mined qualitalivel~y bar paper c &oaoralrw.
A descending n-hod, on ofatman paper 11o. 1 and a solvent of citrate tufter
with pP 6.0 (0.75 mL. of 0.02 N sodium citrate, 9.25 ml. of 2 U HOL, and50 n. of sodium chloride ptar liter) were employed. The temperature vax
kept at 2-00. Using ninhydrin as the spr'ying agent It. showed that RiLcin
g cave two nearby spots, and icin II, three s.0ts.

Toxicity 'Test of Ricin Fractions

The toxicity test of ricin fractienas its determined by rtraperitonealj
Injection of 3.5 -,a. of the ricin solution in serial cotncerntraticns. Three.- ce weie•.tno 2-0003 &n. were used as a lot, being injected with each coneentra-
tiin of the ricin solution. Deuath or ourvival for fus days was used as the
end point. A cose of I ncg. of Ricir I had no sigiinfitant totxic effect on
mit-e weighing X Q.. when peroprtAl- adnnistered but was lethal when, radins-
tered Intraperpl n It.te
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Table If Toxicity Test of Rieci Prat1ice

Quantity of ricin fracticis Tntraperitoneal toteity for =I*
injected (sag.) Rimin I Ruin* U

0.5 0/3
1.0 3

5.0 I1
'-5.5 3/) i9ar.

Enzymatic Hydrolysis of Ricln Fractions

The digeition of Ricin I by pepsin at pH 4. or tr trypsl at- 7.4 was found
to take place slowly. Action for 3 days, the digested riela gave a slight
decline in its toxicity. 1 mcg. dose or the dLgesttA fRi a I 1W intriyeritoneal
injection cesed death of the mice in 72 - 96 heours. When a prolonged enzmatie
digestion was made for 2 veeks, it. broke dowa about 39 - 48% of the lo solecular
products.

Table III Two-weeks nzyr-t tic Digestion of Ulta 3

Control Pepsin otroldigest digest

- - . 4,j),.~ At , - ,b

Trichloroacetic acid, % 1No 52

Half saturation with
a.mcniu- sulfate, % 100 52 aI 6;

L.nuno-chemicaa Properties of Ricin Fractions

The antitoxic serun to ticin I was prepared by mr-nizatiou of rabbits with
a for~allnized toxoid pmpared as folln.-s A srlutikn containing 5 .mg.

. Ricin I per -,. buffered it 7.4 with 0.02 N sod-iu phosphate and 0.15 N sodium
chloride and with 0.5% formalin was kept at 3f7C for 5 &Vs (in so= instances

".-." 5% CormaiL, wns used). This procedure resltcd in ahalt a 100 to a 1000 fold
"reduction Li toxicity when 0.5% forculin was us-d, and about IWO-fold redtction
in toxicity writh 5% formalin. Marked loss of a.ittgenieity .cw.4 with f•osali i
at p;H 8.5 and above.
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Because of the derease of toxicity of the ricin toxoid and the extreme
susceptibllity of the rabbit to recin, it was (o4 necessary to give each
rabbit s"bentaneous Injections of 25. 50 ad 50 r•cS. of toxoid at 5 day inter-
vale to induce soame immunity before intravanus inJections were started.
"Each rabbit then received 2-1. intravencus flJectin wcekbs for 4 weeks, as
foll•wer two leeti•'r of 0.1 mg., two of. i. n;., tour of 0.5 mg., four of
1.5 rg., and four or 5.o mg. or racin toAt4i. The anisals became so resistant
to the toxic effects of rici- that irmunization culd be continued with equal
doses of an alum precipitated undetoxified ricin. Rabtbits were bled 5 days
after the injection. The effect. of antitoAc ser-.= has been showed by
neutralizing the toxic effect of rcin on intraperitoneal injection into mice.

DISCXSS-W

"The defatted castor meal fIrstly extructed with i$ sodium chloride
solution, followed bty fractional precipitafion with ammonium sulfate (1/30
1/2 and full saturation), the bhigly toxic riein fractions I and II were
obtained. The qualitative determlintion of icini fractions by paper
chromatographic method shbwed that Ricin I gave twi nearby spots, and Ricin
II, three. It seons that Rkicin I and Ie a still not pure, hcongenaas
rubstances, same as those ricin fractions prepared by kabat, Heidelergcer and
Bazer, Kunits and McDonald as weln as uouite" etc.. an attempt was made for
the purification of Ricin I & nI by using 1cc-exch.ige resin onlum chroma-
tography. So favorable results obtained.

"Ricin I & II are different by their molecular weight of 75,000-85,000.
"Ricin I showed a lower rotation (-?W3) tha did the .Ricin 1 (-320). As to
the toxicity of ricin, 1 mag. dose of Riein I killeJ a ruse (20 Cn.) IV
intraperitoneal injection after an interva of 4 d-..s, while in the case of
Ricin II, a dose of 5 4. gave the sxoe lethal effect. It is interest to
rAtice that a dose of 1 mcg. of Ricin I had no sji.ificamt toxic effect on
nice weighing 20 Gn. when purorally administcred bat was lethal when
administered intraperiteneally. It seems that. Vi In underg hydrolys.
and lose part of its toxicity in the gastro-intestinal tract of mouse.

In the enzymatic hydrolysis of ricin fractions, tin digestion of fldoi I
by pepsin at pH 4 or by trypsin at 7.4 was fs•d to take place slowly. Action
for 3 days, the digested Klin I gave a sligýt decline in its toxicity. It
has been showred that ricin was so:mewhat resistLat to the proteolytic enzsys.
Tt is uoinoehat contradictory to the phenoreu• that the ricin I had no
sigmnificant toxic effect in mouse when, adrlnlstere- perorally. A prolonged
enzymatic digesticn for 2 weeks, it brrke ckact absut 39 - 48% of the low male-
cular products.

"This •i•vstigation Was supported by the U.S.Arcr Medical Researcn and
"Develrpment Com.and, Department of the Arnu, U.S.L under Research Gr&nt
"NNo. DA-:D-49I• 19•J-6--GlGO.
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